The transmission of safety applications in VANET is clearly the top concern. However, the non-safety applications, which improve the quality of experience, as well as the efficiency of the traffic, also need to be paid more attention. In VANET, the safety applications are transmitted in control channel interval and the non-safety applications can be transmitted only in service channel interval. In this paper, we propose a priority-based multichannel MAC to support the non-safety applications in service channel interval in Vehicle-to-Infrastructure communication with the presence of roadside unit. The novel MAC also allocates service channel according to the priority and divides the vehicles, which have the same required service channel, into four priority groups to enhance the EDCA mechanism. We use the mathematical model and the simulation for evaluating the performance under the influence of velocity with a different number of vehicles in the network.
Introduction
Nowadays, vehicular communications are gaining a lot of attention. Vehicular ad hoc networks (VANETs), which use two main types of communication: vehicle-to-vehicle (V2V) and vehicle-toinfrastructure (V2I) to send and receive safety/non-safety information on the current traffic situation, have become an integral part of the Intelligent Transportation System (ITS).
Those vehicular communications pose some challenges to the Medium Access Control (MAC) design because of the unstable and quickly changing of wireless environments. To deal with these problems, the IEEE 802.11p standard (2010) has been proposed. Based on this standard, VANETs employ the dedicated short-range communication (DSRC) at 5.9 GHz to enhance driving safety, as well as the comfort of drivers. The IEEE 802.11p uses Enhanced Distributed Channel Access (EDCA) mechanism to support different sorts of applications with different Quality of Service (QoS) (Song, 2017) .
Moreover, IEEE 1609.4 protocol (IEEE 1609 Working Group, 2016) enhances MAC layer of the IEEE 802.11p by defining a multichannel MAC scheme with seven DSRC channels. The overall bandwidth is divided into seven 10-MHz channels. They include one Control Channel (CCH) and six Service Channels (SCHs). All the vehicles must monitor the control channel for safety/control messages during CCH period and can switch to service channel to exchange non-safety applications. Many studies indicate that the use of multichannel operation can provide better QoS performance than single channel (Ahyar et al., 2013; Guo et al., 2012) . The combination of IEEE 802.11p and IEEE 1609.x is called wireless access in vehicular environments (WAVE) standards (Uzcátegui et al., 2009) .
In this paper, we continue our idea in (Le et al., 2018) with multi-criteria priority to allocate SCH channel for multichannel MAC and enhance EDCA mechanism to support the non-safety applications at the roadside unit (RSU). Our focus is the communication between vehicles and RSU in SCH period and the main contributions of this paper are:
• Propose a SCH channel allocation scheme and enhance the EDCA mechanism based on the multicriteria priority.
• Define the relationship between the velocity and the minimum contention window for each vehicle in each priority group of vehicles.
• Evaluate the influence of velocity on network performance with a different number of vehicles. The rest of this paper is organized as follows: Section 2 briefly presents the related works. In section 3, we remind the main idea of multi-criteria priority in our previous work (Le et al., 2018) . Section 4 describes priority-based SCH channel allocation scheme at RSU. Performance evaluations by mathematical model and simulation are presented in section 5. Section 6 finally concludes this paper.
Related works
At this moment, there are several studies related to supporting non-safety applications and SCH channel selection. In (Lee et al., 2017) , the authors proposed a protocol, which enabled a service provider to choose a different SCH channel than the other service providers by piggybacking the candidate SCH channel. This SCH channel allocation is used for V2V communication. Qing Wang et al. in (Wang et al., 2012) introduced a multichannel coordination mechanism to provide contention-free access of SCHs. The control channel interval is divided into WAVE service announcement (WSA) and safety periods. During the WSA period, service providers announce WSA packets and piggyback with the used SCHs and service information.
The MAC protocol in (So and Vaidya, 2004) tried to support the high bandwidth for non-safety applications in the presence of a RSU without affecting the safety transmission in another channel. The authors in (Zhang et al., 2014) proposed to use a service channel assignment controller to dynamically detect previous service channels, then service packets would be assigned into appropriate SCH and EDCA access category according to the estimated transmission delay and the SCH reservation probability.
In (Park et al., 2013) , the Dynamic Service-Channels Allocation (DSCA) mechanism is introduced to achieve maximum throughput in four SCH channels by using various parameters for the available SCH channels. When a vehicle wants to provide services during next SCH interval, it uses current information, which is received from WSA advertisements to calculate the expected throughput in specific SCH to maximize the entire network throughputs. Nan Cheng et al. in (Cheng et al., 2011) analysed the EDCA channel throughput and presented a QoS-provision channel allocation scheme to improve the QoS performance of non-safety applications for RSU-assisted V2I communication. The authors used the concept of polling mechanism as in Point Coordination Function (PCF) of conventional WLAN. The vehicle density was taken into consideration to improve the non-safety service time.
In (Le et al., 2018) , we also proposed a multipolling mechanism for CCH period to support V2I communication. At the end of the CCH period, we can create a priority list for non-safety applications, which can be transmitted in SCH period. This priority list motivated us to take advantage of the multicriteria priority concept to support non-safety applications in V2I communication between RSU and the vehicles.
The multi-criteria priority-based multipolling mechanism
The multi-criteria priority-based multipolling mechanism has been discussed in detail in our previous work (Le et al., 2018) but for the completeness of the discussion, we briefly summarize it here.
The definition of multi-criteria priority
In this paper, we will continue to use the concept of priority presented in (Le et al., 2018) , where we considered the priority as a function of many factors defined as follows:
where, t -time to leave zone; a -type of application; c -type of vehicle. We believe that vehicles that are leaving the RSU's coverage zone should have higher priority for transmission than vehicles that have just entered the coverage zone (factor t). Factor a is used to distinguish the priority of safety applications compared to non-safety applications. In addition, different types of vehicles must have different priorities (factor c), for example, the ambulance has higher priority than normal vehicles. In (Le et al., 2018) , for these three factors, we proposed > > and we assigned factor weights as follows: = , (∑ = 1). However, these parameters can be different depending on the situations. Therefore, the priority of the i th vehicle (1 ≤ ≤ ) with an application for transmission:
where ( ) is the normalized value of priority obtained by the j={t, a, c} factor for the i th vehicle. Note that, the smaller Priority(i), the higher priority.
Since original values obtained by the factors can have different units of measurement, each ( ) is normalized to a value with a range of 0 and 1:
Here, ( ) indicates an original value obtained by the j th factor (j={t, a, c}) of the i th vehicle and Xj be a set of ( ) for i = {1… n}.
The multi-criteria priority-based multipolling mechanism in CCH channel
This multipolling mechanism occurs in CCH interval and it prepares for next SCH interval. The mechanism takes place as follows:
• In RSU's coverage zone, if the vehicle does not perform any transmission, it will always monitor the CCH channel.
• The CCH interval will be divided into PLU (Polling List Update) and MPP (Multipolling) periods ( Fig. 1) 
where ∈ ℕ, 1 ≤ ≤ 60000 (for dense scenarios).
• By the end of the PLU period, RSU calculates Priority(i) for each vehicle and creates two priority lists for the two application types: Safety Application (List 1 -polling list) and Non-Safety application (List 2) . List 1 will be used in CCH channel by multipolling mechanism, while List 2 will be used in SCH channels by EDCA with strict priority (our focus in this paper). Because in (Le et al., 2018) we focused only on safety applications, the information needed for non-safety applications had not been fully supplemented. In the next section, we will present this in more detail. Table 1 shows an example of the polling list. 
Priority-based SCH channel allocation at RSU

Modification of MAC frame format of the response packet from the vehicle
To prepare for the mechanism EDCA in SCH interval, we made some adjustments in the MAC frame format of the response packets from the vehicles. We add a Velocity field (1 byte) to inform RSU about the velocity of the current vehicle. In addition, for the Type of Application field, in this paper, for non-safety applications, to calculate Priority(i), we assign the corresponding priority value for each access category of applications as in IEEE 802.11e [18] : Priority (AC0) = 1, Priority (AC1) = 2, Priority (AC2) = 3, Priority (AC3) = 4. It can be seen that, in this way, the priority of non-safety applications not only dependents on the characteristics of each application (voice, video, best effort, background), but also on other factors such as the priority of vehicle and time to leave the RSU coverage zone. This is an advantage that we have carefully analyzed in (Le et al., 2018) .
The subfield Reserved (3 bits) is now used to inform about the SCH channel (SCH channel subfield) that vehicle want to use in the SCH interval to perform transmission. Thus, we will have the MAC frame format of the response packet from vehicle modified as shown in Figure 3 : It should be noted that although 6 SCH channels can be used, in practice channel 172 is used for accident avoidance safety of life and channel 184 is used for high power, long-range services (Eichler, 2007) , so we only consider 4 SCH channels: 174, 176, 180, 182.
SCH channel allocation at RSU based on priority
At the end of the PLU in the CCH interval, the RSU will have sufficient information to calculate the Priority(i) of the i th vehicle and at the same time, RSU knows the SCH channel, which the vehicle wishes Table 2 shows the example of the priority list for the SCH interval. The values m1, m2, m3, m4 are the number of vehicles with the same requirements using SCH1, SCH2, SCH3, SCH4 respectively. RSU will select SCH channel for multichannel V2I communication as follows:
where mj is the number of vehicles with the same SCH channel. Eq. (5) means that the SCH which has the smallest sum of Priority(i) values of the vehicles is selected as the service channel for the RSU in the current period. With this selection there are two main cases:
• The number of vehicles in a SCH is small, so the sum of priorities is small. Thus, using EDCA will reduce the competition time between vehicles for accessing to the environment. It reduces the delay of the whole transmission process.
• The vehicles belonging to the same SCH channel have high priorities so the sum of priorities is small. In this case, the faster transmission of these vehicles is very necessary and reasonable to limit and ensure delay bound for these vehicles and applications. Although the vehicles in priority list (Table 2 ) have been ordered according to the priority, however, because the RSU will use the EDCA mechanism instead of the polling mechanism as in the CCH period, these vehicles must perform the competition based on priority order and other parameters: contention window CW, AIFS (IEEE 802.11e, 2012) respectively. In order to facilitate the competition process, vehicles in a SCH group will be divided into four smaller groups, similar to AC0 (Group1), AC1 (Group2), AC2 (Group3) and AC3 (Group4) in IEEE 802.11e.
Let ni (i = 0, 1, 2, 3) is the number of cars in each group of the SCH channel. We have:
where, ⌊ ⌋ = max{ ∈ ℤ | ≤ } -floor function and add is the number of additional vehicles allocated evenly from the surplus ( , 4) in order from Group4 to Group1. and surplus (35, 4) = 3, then the number of vehicles in each group Group1, Group2, Group3, Group4 will be 8, 9, 9, 9 respectively.
Fairness in V2I communication
In the above sections, the priority concept is used to establish the order of access and data transmission of the vehicles. However, in VANETs, in addition to the priority, we need to pay attention to the fairness. The concept of fairness can be understood that each vehicle will transmit the same number of packets during the time they pass through RSU coverage zone regardless of the velocity of the vehicle is different (Wu et al., 2018) .
In (Wu et al., 2018) , the authors determine the relationship between the minimum contention window of a single vehicle and its velocity based on the fairness. Using this research result for groups of vehicles belonging to the same SCH channel, we can derive the corresponding relationships to determine the average minimum contention window value for each vehicle in that group.
According to (Wu et al., 2018) , we have the transmission rate of i th vehicle:
where S -the normalized throughput of the network, -the rate of the channel, -the number of vehicles, -the transmission probability of i th vehicle. Let -time that i th vehicle passes through the RSU coverage zone; Z -RSU coverage zone; -velocity of i th vehicle; 1-a constant. To support the fairness of the vehicles, we need:
From (7) and (8) we have the following expression:
Let:
We can rewrite (9) as:
where -fairness index. Each vehicle should have the same to access the channel fairly. This is the relationship between the transmission probability and velocity of the vehicle to achieve fairness.
The authors in (Wu et al., 2018) then derived the approximation relationship between the probability transmission and the minimum contention window CWi:
where 1 -constant. And the relationship between the velocity and the minimum contention window can be obtained as follows:
where 2 = 1 × , constant.
Averaging both sides of Eq. (13) we have the relationship between the average velocity and the average minimum contention window of each group:
In Eq. (14) the value of ̅ can be obtained by RSU using response packets (Fig. 3) . With given ̅̅̅̅̅ we can find out 2 . Moreover, for a single vehicle with known velocity we can find for that specific vehicle by Eq. (13) .
In this paper, because we divide the vehicles belonging to the same SCH channel into 4 groups with different priorities (similar to AC0, AC1, AC2, AC3), so in order to ensure the priority of these groups, ̅̅̅̅̅ will be assigned differently. In this case, ̅̅̅̅̅ for each group will be assigned 15, 31, 63, 127 respectively. It should be noted that these values can vary by network scenarios and the optimization of these values is a problem, which should be solved and we leave it for future works.
Thus, ̅ will be the average velocity for all vehicles belonging to the same group. ̅̅̅̅̅ is the average minimum contention window for that group. is the average velocity of each vehicle. We need to find for each individual vehicle by Eq. (13) and Eq. (14) . Note that we take as an integer value from floor function. So, in the difference from (Wu et al., 2018) , we classify the vehicles according to the priority and also find out the minimum contention window value for each vehicle depending on its velocity, not using the same CW value for the same vehicle group. Note that the ̅̅̅̅̅ values will be used in other calculations, such as average throughput for each group. It can be seen that with the above calculation, the contention window values are not only different in a group but also differentiated between groups with different priorities. However, from Table 3 we easily recognize the trade-off is in the same group, the vehicle with smaller priority does not always have smaller . But because these values are around the mean ̅̅̅̅̅ , the applications considered in this paper are the non-safety applications, the priority of each group of vehicles has been distinguished and the of each vehicle is different in the same group, then that trade-off can be ignored. Figure 4 shows the transmission probability of each vehicle in Group3 in the example in Table 3  with different and . It can be seen that there is a clear discrimination of vehicles in the same priority group based on the values . The smaller the , the higher the transmission probability. Figure 5 shows the relation between transmission probability and the average minimum contention window ̅̅̅̅̅ of priority groups with = 0.5, RSU coverage zone Z = 500 m. The meaning of this dependence is as follows: to achieve the same value of the transmission probability, Group with higher priority needs smaller ̅̅̅̅̅ . This leads to the waiting time of the backoff process would be less and so can reduce the delay of the process of transmission. In addition, from this dependence can have an important conclusion: with the same value , if the vehicle belongs to a higher priority group, the transmission probability of that vehicle in that priority group will be lower than the transmission probability of that vehicle if it belongs to a lower priority group. This is explained by the way we assign values ̅̅̅̅̅ to each group in order to create the priority for these groups. For example, considering two vehicles №4 (Group2) and №9 (Group3) in Table 3 , which have the same = 38, the transmission probability of the vehicle №9 in Group3 is higher than the probability of transmission of vehicle №4 in Group2.
Evaluation and results
In this section, we carry out the performance analysis for V2I communication with EDCA mechanism in case of non-applications at RSU. The analysis considers the factors that affect EDCA performance: backoff procedure, backoff counter freezing, internal collision, external collision, queue saturation condition, retry limit. We will use the model in (Zheng and Wu, 2016), which used 2-D Markov chain to compute the transmission probability, the probability of collision of each access category, and 1-D discrete-time Markov chain to find another relationship between those probabilities.
An overview of EDCA mechanism
The EDCA mechanism is a QoS-based channel access mechanism at the MAC layer, which was introduced in IEEE 802.11e. It has 4 access categories (AC): Voice (VO), Video (VI), Best Effort (BE) and . This is figure caption Figure 5 . This is figure caption
Background (BK). Each AC contends for transmission chance by its own parameters: CWmin, CWmax, and AIFS.
In EDCA, if a station has packets to transmit and the channel is idle for TAIFS, that station will initiate a backoff procedure. Then, the station will start up a backoff counter with the first value set to a random value in [0, CW], where CW = CWmin. The backoff counter will be frozen if the channel becomes busy during the backoff procedure. That backoff counter will be resumed if the channel is sensed idle for TAIFS again. If the backoff counter becomes zero, the station can transmit packets. The station will do retransmission if in a given time it does not receive an ACK packet. In that case, the CW will be doubled and then another backoff period is initiated. After reaching the CWmax value and retransmission limit ri is reached, the packet is dropped and CW will be reset to CWmin. If the station successfully transmits packets, the CW value is reset to CWmin and then a new backoff procedure is started.
Assumptions and notations
As in many other studies, the model in (Zheng and Wu, 2016) was conducted with following assumptions:
• The collision probabilities for different transmissions are the same in each AC.
• The effect of the channel is not considered.
• Packets arrive at an ACi queue in a Poisson manner with rate λi. The notations are summarized in table 4. Note that in this section the concepts of priority group of vehicles and AC are equally used since each group corresponds to an access category.
Markov models
In this section, we will briefly present the two Markov models mentioned above and the relationship between transmission probability, collision probability, channel busy probability, channel idle probability and other parameters. These relationships were derived from the analysis in (Zheng and Wu, 2016 ) and the effectiveness of those models was verified. 
Notation Definition
Access category, i ∈ [0, 3] or Group of vehicles , Minimum/Maximum contention window size of an Maximum stage of an Retransmission limit of an Number of slots in contention zone n Number of contention vehicles with an The probability that channel is sensed busy in a time slot The probability that channel is sensed idle for with packet to transmit The probability that an has packets for transmission The collision probability of an The transmission probability of an The probability that there is no transmission in a time slot in zone n The stationary probability of state s in the 1-D Markov chain The stationary probability of a state in zone n The probability of a successful transmission of an The normalized throughput of an Expected duration spent at a state in the 2-D Markov chain for an Duration of a time slot The average duration of a successful transmission of an The average duration of a collision of an The average access delay of an Average waiting time of an from first backoff stage when it starts to contend until backoff stage k Average access delay of an Contention window value at backoff stage k of an Figure 6 presents the 2-D Markov chain for the backoff procedure of ACi. Each state in this model is represented by a pair of integers (k, m), where k denotes the backoff stage and m is the value of a backoff counter. k is initiated at 0 and is incremented by 1 whenever a collision occurs. When k reaches Mi the packet is dropped if it reaches retransmission limit ri. The value of k will be reset to 0 after successfully transmitting. The value of m is firstly set to a value in [0,
− 1 ] when a state reaches stage k and it will be decremented by 1 if the channel is idle in a time slot.
is computed as follows: (Zheng and Wu, 2016) . Figure 7 presents the 1-D Markov chain, which is used to model the contention phase of an access category, and the contention zones for the different ACs are presented in Figure 8 (Note that, in the figure, we take for example AIFSN0:AIFSN1:AIFSN2:AIFSN3 = 2:3:6:9).
According to (Zheng and Wu, 2016) , we have the relationship between and :
where (0,0) is the stationary probability of state (0,0). For the sake of simplicity, we do not rewrite the expression of (0,0) here, its formula can be found in (Zheng and Wu, 2016) . Note that, (0,0) depends on , , and : and are initially given and in order to find out we should know , , . However, these values depend on stationary probabilities of a state in contention zone n (Fig. 8) .
Find The depends on the number of time slots in each contention zone , the probability that no transmission in contention zone n in a slot and the stationary probabilities of state s in the 1-D Markov chain . Then we have:
According to (Zheng et al., 2016) , we have:
In the end, we can find the stationary probabilities of each contention zone as follows:
By substituting Eq. (18) - (21) in (22) we can obtain functions ( ) or the relationship between and :
Find
The can be calculated by:
= 0,1,2,3; = 0,1,2,3; = 1,2,3,4.
By substituting Eq. (23) in (24) we can find the relationship between and :
The channel idle probability when an has a packet to transmit can be calculated:
From Eq (25) and (26) we can find the relationship between and :
The channel busy probability in a slot is the probability that at least one station is transmitting in that slot:
By substituting Eq. (18) and (23) in (28) we can find the relationship between and :
Because there is an assumption that packets arrive in a Poisson manner with rate λi, we can calculate the probability that the has no packet for transmission as follows:
where is the expected time spent at each state of the queue and can be calculated as follows:
where
where ℎ , , are the transmission time of a packet header, a packet, and an ACK packet, respectively.
, are the duration of the SIFS and the AIFS of , respectively. is the propagation, is the maximum delay for receiving an ACK. These values are given initially and = / , L -packet size, Rb -the bit rate of the channel. is the successful transmission probability of an queue and can be calculated as follows:
By substituting Eq. (29), (31) - (33) in (30) we can obtain the relationship between and :
In the results, by substituting Eq. (25), (27), (29) and (35) in (17) we can find the relationship between (0,0) and :
Then put (36) to (16) we can have a system of 4 equations with 4 variables . By solving this system of equations using any computer software such as Mathematica, Matlab we can find out .
Expressions for the normalized throughput and the average access delay
The normalized throughput of i th access category is calculated as the ratio of the duration that the needs for a successful transmission at a state and the duration that the stays at the state. Then we have (Zheng et al., 2016 ):
And the average access delay of the can be calculated [3] :
Thus, using the model in (Zheng and Wu, 2016) we can calculate the transmission probability, the collision probability, the normalized throughput and the average access delay of each group of vehicles depending on packet arrival rate, the number of vehicles. The examples and numerical results of these relationships can be found in (Zheng and Wu, 2016) , (Han et al., 2012) , (Togou, 2017) . In this paper, we only show the dependence of the transmission probability and the collision probability on the number of vehicles in each group of vehicles. For the sake of simplicity, we only consider two groups of vehicles with different priorities Group1 (highest priority) and Group4 (lowest priority) in 5 cases 0 = 3 = 2, 3, 4, 5, 6 with the assumption that = 1 (i.e., saturated condition). The other parameters are similar to (Zheng and Wu, 2016) , and are presented in Table 5 . Figure 9 and Figure 10 show transmission probability and collision probability of each group under different numbers of vehicles in each group. We can see that the transmission probability of Group1 is always higher than Group4, whereas the collision probability of Group1 is lower than Group4. Moreover, the transmission probability tends to decrease, while the collision probability increases as the number of vehicles in each group increases. This is fully consistent with theory.
Evaluate the impact of velocity
Although the mathematical model in sections 5.3 and 5.4 can show the transmission probability, the collision probability and even the normalized throughput and the average access delay of each priority group of vehicles, but this model cannot show the total average delay and average throughput of network as well as the influence of velocity of vehicles on those parameters. In this section, we use the simulation to evaluate the network performance and point out the advantages of the priority list in SCH period under different velocities with a various number of vehicles in the network.
We use OPNET 14.5 modeler (OPNET modeler 14.5) for the evaluation. As shown in (Le et al., 2018) , (Sun, 2011) although there is no 802.11p module supporting VANET in OPNET, because of the close relation between IEEE 802.11a and IEEE 802.11p standards, we can use OPNET with accurate configurations as an effective VANET simulation tool. We set all simulations with 10 MHz bandwidth as standardized. Concerning SCH channel, in this paper, we only evaluate the performance of a single SCH channel at each time (the utilization percentage of SCH channels will not be considered). The data rate is set to 12 Mbps as in IEEE 802.11p and the access point is assumed as a RSU. We consider many scenarios with the number of vehicles: 8, 12, 16 and 20 (the number of vehicles in each priority group is the same). Vehicle velocity is set at 30, 50, 70, 90 km/h with trajectories determined by Mobility Config and Trajectory module. Application config and Profile config are used to create messages and configure the scenarios for the proposed mechanism. The duration of each scenario of simulation is 5 minutes. We enable the EDCA mechanism with parameters as follows: Collision probability
Number of vehicles in each group
Group1
Group4
Figures 11, 12, 13 show the normalized average delay, the normalized average throughput, and the normalized data dropped of the network under the influence of different velocities (30, 50, 70 km/h) with a various number of vehicles (8, 12, 16, 20 vehicles) .
It can be seen that the higher the velocity, the lower the average delay and the average data dropped, and the average throughput decreases. The similar observations can be found when the number of vehicles in the network increases. Figures 14, 15 show the normalized average media access delay and the normalized average throughput of two priority group: Group1 (highest priority) and Group4 (lowest priority) with different velocities (30, 50, 70, 90 km/h) for the case of 16 vehicles in the network. With the proposed mechanism in SCH period, we can notice that the group with higher priority is always dominant compared with the lower priority group in terms of media access delay, throughput. In addition, the changing trends of these values of each vehicle will lead to the changing trends in Figures 11, 12 and 13.
Conclusions
In this paper, we continue to use the multi-criteria priority to create a priority list for SCH period to support the non-safety applications. A SCH channel allocation scheme is proposed based on that priority list. The vehicles with the same SCH channel will be divided into four priority groups with different parameters to enhance the EDCA mechanism. We also use the concept of fairness to find out the relationship between the velocity of the vehicle and the contention window value. Using the Markov chain model and simulation we evaluate the performance of the network and point out the advantages of the novel scheme under the influence of velocity with a different number of vehicles. For future works, we intend to evaluate the utilization percentage of SCH channels based on the proposed scheme and solve the optimization problem for choosing the values of CWmin, CWmax, AIFSN for each priority group.
